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17 ABSTRACT 

18 We have examined instigating events at the Sun that may be responsible for two of the 

19 most recent outer heliospheric kHz emissions detected by the University of Iowa plasma wave 

20 detector on Voyager 1 starting at 2004.64 and 2006.39, respectively. These interplanetary events 

21 have been followed outward from the Sun using plasma and cosmic ray data from Ulysses and 

22 Voyagers 1 and 2. For both intervals of kHz emissions, events originating near the Sun that turn 

23 out to be the most intense events in this 11 -year solar cycle as observed by the plasma and 

24 cosmic ray variations in the outer heliosphere, reach VI and V2 which are near the heliospheric 

25 termination shock at almost the same time that the two kHz radio emissions turn-on. These two 

26 events which originate near the Sun about 2003.89 (the 2003 Halloween event) and at 2005.71, 

27 are also unusual in that they develop solar wind ram pressure waves in the outer heliosphere with 

28 maximum pressures -6-8 times the average solar wind pressure when they reach the heliospheric 

29 termination shock. We believe that this study suggests a possible new paradigm for the origin of 

30 these latest kHz emissions. This new paradigm is different from the current one describing 

31 earlier kHz events. It is related to the sfrength of these pressure waves in the outer heliosphere 

32 and involves the arrival of these large pressure waves at the heliospheric termination shock rather 

33 than the arrival of a shock at the heliopause as is the current paradigm. 
34 
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35 Introduction 

36 The kHz radio emissions detected by the University of Iowa plasma wave detectors on 

37 the Voyager spacecraft have provided a remarkable insight into conditions in the outermost 

38 heliosphere. The present paradigm is that these emissions originate when a large shock reaches 

39 the outermost boundary of the heliosphere, the heliopause (HP). This interaction then triggers 

40 plasma waves in the local interstellar (IS) medium at frequencies just above the local plasma 

41 fi-equency (Gumett, 1993). To date perhaps 6-10 of these radio events have been observed over 

42 three solar 11 -year cycles. The first kHz emission starting at 1983.84, and another starting at 

43 1 992.75 are by far the largest and best documented. The particular shocks and interplanetary 

44 disturbances that are believed to be the source of these kHz emissions have their origin near the 

45 Sun. For the two earlier kHz emissions noted above, using an identification near the Sun based 

46 on large cosmic ray decreases at the Earth, the travel times to the onset of the kHz emission has 

47 been determined to be ~415±5 days. These times along with estimates of the speed profile of the 

48 shocks with distance from the Sun have allowed estimates of the HP distance in the range 120- 

49 160 AU and have served to define the scale size of the heliosphere (Gumett, et al., 1993). 

50 In the most recent solar cycle #23 starting at 1997.5, there have been no really large kHz 

51 radio emissions like those in cycles 21 and 22, but there have been several smaller ones (Gumett, 

52 Kurth and Stone, 2003; Gurnett, 2007, see Figure 1). Voyagers 1 and 2 (VI and V2) are now at 

53 much larger distances from the Sun; at 2005.0 these distances are ~95 and 76 AU, respectively. 

54 As a result they may be used to better determine the characteristics of these interplanetary (IP) 

55 shocks at large distances from the Sun as they pass VI and V2, in some cases near to or beyond 

56 the heliospheric termination shock (HTS). From the timing of these shocks as they reach VI and 

57 V2 one is also able to greatly reduce the timing uncertainties as these shocks propagate to the 

58 HTS and beyond. 

59 In this paper we examine two recent kHz emissions reported by the Iowa group. The first 

60 had its onset at about 2004.64. The second had its onset at about 2006.39. These emissions are 

61 illustrated in Figure 1, provided to us by Gumett, 2007. Neither of these radio events has been 

62 discussed in any detail in the literature although the onset times for the kHz emission have been 

63 presented in figures discussed by Gumett, 2007. 
64 

65 
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66 The Heliospheric kHz Emissions with an Onset at 2004.64 

67 These kHz emissions have a possible origin near the Sun at the time of the well 

68 documented series of events collectively known as the "Halloween" 2003 events (Intriligator, et 

69 al., 2005) occurring at about 2003.83 at the Earth. As Gumett, 2007, note, however, this timing 

70 would lead to a total travel time from the Earth to the onset of the kHz radiation of only 0.81 

71 years, much shorter than the travel time of ~ 1.1 5 years for the earlier large kHz events in solar 

72 cycles 21 and 22. 

73 Let us consider the implications of the "Halloween" 2003 event at the Earth as the 

74 possible instigating event for these kHz emissions. We have an onset time ~2003.83 at the 

75 Earth at which time an exceptionally strong shock was observed and also a Forbush decrease 



76 -26% was seen by the Climax NM. Later at 2003.87 a solar wind speed jump of -200 km s"' to 

77 >850 km s"^ was observed in the plasma detector on Ulysses then at ~5 AU and ~4° N. At V2, 

78 then at 73.4 AU, a solar wind speed jump of ~100 km s"' to ~560 kms"' was observed in the 

79 plasma detector at 2004.33 (event #7 in Figure 2). This speed jump at V2 was considered to be 

80 due to the passage of the Halloween event beyond V2 (Richardson, et al., 2005). An increase of 



81 a factor ~4 was seen in 2-3 MeV protons peaking at 2004.31 and a decrease of >70 MeV 

82 particles > 10% was also observed by CRS detectors on Voyager 2. These intensity changes 

83 have also been attributed to the arrival of the Halloween event at V2 (Webber, et al., 2007). This 

84 event, which was one of the largest in solar cycle 23 by all measures, near the Earth, at Ulysses 

85 and also in the outer heliosphere at V2, took ~0.50 years to travel from the Earth to V2 implying 

86 an average speed ~665 km s"' (Intriligator, et al., 2005). 

87 At VI there is a decrease in the >70 MeV rate -6% at 2004.59, followed by a fiirther 

88 decrease ~5% starting at 2004.71. Collectively these decreases mark the arrival of this same 

89 shock at VI , then at 92.3 AU and just inside the HTS at 94 AU (Webber, et al, 2007). 

90 The time period for the arrival of the "Halloween" shock at VI just inside the HTS 

91 therefore brackets the time of onset of the kHz radio emission at 2004.64. So, in effect, the onset 

92 of the kHz radio emission for this event coincides very closely with the arrival of the 

93 "Halloween" shock at the HTS and at VI just 2 AU inside the HTS. 

94 The Heliospheric kHz Radio Emission with an Onset at 2006.39 

95 A potential candidate for the origin of this kHz radio event is the intense solar activity 

96 observed in September, 2005. In September, 2005, there was a large Forbush decrease of cosmic 
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97 rays of amplitude ~15% seen by the Climax NM, with an onset on September 10th (2005.70). 

98 This event was also observed at Ulysses, now at 4.8 AU and -28° S, (in latitudinal alignment 

99 with V2) on about September 15th as a large plasma speed jump ~280 km s"^ to >700 km s"\ At 

100 V2, at 79.0 U, the largest solar wind speed jump yet observed in the outer heliosphere in this 

101 solar cycle, -140 km s'' to a maximum solar wind speed of -520 km s"' was observed. This 

102 occurred at 2006.17 (Richardson, et al., 2006) (event #10 in Figure 2) and the >70 MeV cosmic 

103 ray rate decreased by ~14% at 2006.21 about 0.20 years before the onset of the kHz emission 

104 (Webber, et al., 2007; Intriligator, et al., 2005). Both the plasma and cosmic ray events at V2 

105 have been ascribed to the September events at the Earth (Richardson, et al., 2006; Webber, et al., 

106 2007). The travel time from the Earth to V2 of 0.48 year leads to an average speed -760 km s"^ 

107 the highest average speed observed for any event in the outer heliosphere. At VI at 99.7 AU, 

108 and beyond the HTS, a decrease -5-6% was seen in the >70 MeV rate by the CRS experiment at 

109 2006.51 (Webber, et al., 2007) and is believed to mark the arrival of this event at VI. 

110 The onset of the kHz radio emission at 2006.39 thus occurs between the arrival of this 

111 event at V2 at 79 AU inside the HTS and its arrival at VI at 99.7 AU outside the HTS. This 

1 12 would again imply a turn-on associated with the shock arrival near the HTS, not the HP. 

113 Discussion: The Significance of Outward Propagating Pressure Waves 

114 The two kHz radio emission intervals discussed here serve to emphasize an under 

115 appreciated problem of first identifjdng the correct instigating event on the Sun and then 

116 following it through the heliosphere using Ulysses, V2 and VI data when possible to determine 

117 the time when it reaches a particular point in the heliosphere, for example, the HTS or HP, at 

118 which time the kHz radio emission first turns on. 

1 19 The real basis for understanding the onset of these kHz emissions thus becomes trying to 

120 understand what are the most important features of the instigating event that lead to the turn-on 

121 of the kHz radiation in the 1st place. In this connection we would like to note the significance of 

122 large pressure waves that develop during the propagation of the largest IP shocks through the 

123 heliosphere (Figure 3). This figure shows the daily average solar wind ram pressures measured 

124 at V2 between 2001 and the time it crossed the HTS at 83.7 AU at 2007.66. The two largest 

125 pressure waves at V2 in solar cycle 23 occur at the times that the Halloween event and the 

126 September 2005 event pass V2. These pressure waves, with peak pressures -5-10 times the 

127 average solar wind pressure, are known to directly and immediately influence the HTS, its 
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128 location and the structure of the hehosheath beyond the HTS, Webber, 2005; Richardson, et al., 

129 2006 (see e.g., Washimi, et al., 2007, for an example of the effect of a pressure wave with ~1.5 

130 times the average solar wind pressure impacting the HTS). Such large pressure waves impacting 

131 the HTS may provide the densities beyond the HTS required to produce the observed kHz 

132 emission. 

133 Summary and Conclusions 

134 In this paper we have examined the possibilities for the instigating events on the Sun that 

135 are responsible for two of the most recent outer heliospheric kHz radio emissions that began on 

136 2004.64 and 2006.39 as observed by the Iowa plasma wave detector. In this study we utilize 

137 observations of the IP events as they pass V2 and VI in the outer heliosphere between ~72 and 

138 99 AU. 

139 For both of the kHz emissions the particular instigating events that reach VI and V2 

140 which are near the HTS at the time of the turn-on the kHz radiation are the two largest in the 

141 outer heliosphere in solar cycle 23, in terms of solar wind speed jump (~ shock strength), galactic 

142 cosmic ray decreases and magnetic field increase. These two events are also particularly 

143 significant for their solar wind ram pressure waves that reach daily average pressures ~6-8 times 

144 the normal average solar wind pressure for times -26 days or more. We plan to further 

145 investigate the passage of these instigating events from the Sun to the HTS and HP as well as 

146 earlier events using three-dimensional solar wind models (Intriligator, et al., 2008). 

147 We, therefore, suggest that for these two most recent kHz emissions, strong arguments 

148 fi-om both the timing and shock strength point of view can be made for the onset of the radio 

149 emission to be coincident with the arrival of the instigating interplanetary disturbances at the 

150 HTS rather than the HP. Theories for the origin of this kHz radiation in the Heliosheath (e.g., 

151 Zank, et al, 1994) need to be re-examined utilizing the much better current understanding of 

152 conditions there, following the latest V2 observations at the HTS and beyond. This study should 

153 include the effects of the large pressure waves that we identify in this paper and their encounter 

154 with the HTS, a topic only recently explored by Washimi, et al., 2007. 

155 We note that McNutt, et al., 1988, originally suggested that the onset of the heliospheric 

156 radio emissions might be due to the arrival of solar wind disturbances at a hypothesized 

157 heliospheric termination shock. Subsequent attempts to explain the radio emissions in terms of 

158 large changes in density either in the foreshock region or in the region just beyond the HTS have 
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159 had difficulties in explaining the radio emission at fi^equencies > 2 kHz (e.g., Cairns and Zank, 

160 2001) leading eventually to the current paradigm developed earlier by Gumett (1993) and 

161 coworkers involving the heliopause and the presumed higher (electron) densities present there. 

162 We should also note that there appear to be at least two types of radio emissions in the 2- 

163 5 kHz range. One type drifts significantly to higher frequency as a function of time, the other 

164 remains at a nearly constant fi-equency from2.0-2.6 kHz. The two events discussed here appear 

165 to be of the 1^' type whereas, for example, the two earlier giant kHz events in 1981 and 1992, 

166 upon which the earlier theories were developed, are mainly the 2"'' type showing little drift. It 

167 could be, for example, that the two different types of kHz events represent interactions of the 

168 outward moving solar disturbance near the HTS in one case and beyond the HP in the other. 

169 In any case what the new theories should be is unclear. Certainly the timing relationships 

170 of earlier kHz radio emissions in solar cycles 21 and 22 need to be re-examined using the plasma 

171 and cosmic ray features of various possible instigating events including the development of these 

172 pressure pulses as the disturbance propagates outward in the heliosphere past VI and V2. For 

173 example, the impact of these giant ram pressure pulses on the heliosheath beyond the HTS may 

174 lead to elevated heliosheath densities perhaps rivaling those found at the HP and beyond. Until 

175 such studies are completed it is not appropriate to claim that all kHz emissions observed by 

176 Voyager, including those observed earlier in solar cycles 21 and 22, have their origin near the 

177 HTS. It may be that shocks arriving at both locations can produce the observed kHz emission, 

178 depending on their specific characteristics and the details of their interaction with the HTS and 

179 HP, respectively. 
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226 Figure Captions 

227 Figure 1 : kHz radio emissions observed by VI (courtesy of D.A. Gumett, 2007). 

228 Figure 2: Daily average solar wind speed measured by the MIT plasma probe on V2. 

229 Numbered events indicate the passage of various shocks as discussed in the text. 

230 Figure 3: Daily average solar wind pressure measured by MIT plasma probe on V2. Numbered 

231 events indicate the passage of various shocks as discussed in the text. 

232 
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